Background: Heart disease is now considered an inflammatory process targeted primarily by medical therapy on lipid levels. Complementary and alternative medicine searches for novel non-pharmacologic therapy, including pursuing various diets. Animal studies and consumer literature suggest benefits of vinegar on lipid levels and diabetes mellitus. Our nonrandomized pilot study from our group suggested a benefit in raising high-density lipoprotein cholesterol (HDL-C). Based on this data, we conducted a randomized placebo controlled clinical trial to determine the effects of apple cider vinegar intake in those without diabetes mellitus on total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triglycerides, HDL-C, Hemoglobin A1C (Hgb-A1C) and measurement of inflammation with high sensitivity CRP levels (HS-CRP). Methods: A prospective randomized, double blind, placebo-controlled clinical trial consisting of 114 participants was conducted. Participants consumed 30 mL of either apple cider vinegar or placebo for two months. Measurements were collected at baseline, eight and sixteen weeks. 
INTRODUCTION
Heart Disease has been the leading cause of death in the United States, and a major cause of disability [1] . In 2009, the prevalence of coronary heart disease, including heart attack, angina, and stroke, ranged from 2.5% to 10.3% across US states or territories [2] . Risk factors can include diabetes mellitus, smoking tobacco, age, family history, hypertension, male sex and hyperlipidemia. Among those with lipid abnormalities, increased low density lipoprotein cholesterol (LDL-C) and reduced highdensity lipoprotein cholesterol (HDL-C) concentrations have been associated with heart disease [3] [4] [5] [6] [7] . Conversely, higher HDL-C levels have been correlated with fewer cardiac events including those with low LDL-C [8] .
The optimal pharmacologic treatment to increase HDL-C levels was prescribing Niacin; however, Niacin's success is limited by side effects and a recent report questioning it's clinical impact [9, 10] . Novel forms of therapy which increase HDL-C have been studied but are not available to the general public [7, [11] [12] [13] . Non-pharmacologic treatments including life style changes such as smoking cessation, weight loss, physical activity and alcohol consumption can increase HDL-C from 12% to 21% [7, 14, 15] . Alcohol has been associated with lower risk for myocardial infarction, in part through impacting HDL-C [16] [17] [18] . Although a recent article challenges the theory based on no relationship to fatal coronary heart disease [19] , nonfatal coronary heart disease is still in question [20] . Vinegar as a byproduct of alcohol, could serve as an alternative to alcohol on lipids.
The dietary intake of vinegar has been reported to lower triglyceride levels [21] , reduce LDL-C, and raise HDL-C in several animal studies [22, 23] . We performed a small nonrandomized pilot study with one, two, three or six teaspoons of apple cider vinegar and found an increase in HDL-C trended with increase in dose. Vinegar could be an adjunct to traditional pharmacologic treatments to reduce patients' risk of coronary heart disease. Complementary and alternative medicines are used by over two thirds of Americans [24] and provide an option for treatment if validated by randomized controlled clinical trials [25, 26] . In order to assess whether vinegar effectively lowers patient's risk of coronary heart disease, randomized control trials are needed. To date, no randomized controlled trials have been conducted to clinically establish the benefits of vinegar on cholesterol.
The purpose of this study was to rigorously address whether the dietary intake of vinegar increases HDL-C levels. Secondary objectives were to address whether increasing dosages of vinegar had a positive effect on reducing risk factors, namely HDL-C levels, as well as triglycerides, LDL-C, Hgb-A1c and HS-CRP.
METHODS
We conducted a randomized double blind placebo controlled trial looking at the effects of varying dietary dosages of vinegar on HDL-C. A convenience sample of patients who visited a mid western urban specialty (cardiac) clinic and/or who responded to recruitment information (flyers/internet website) within the clinic's integrated provider system participated in the study. Those with diabetes mellitus were excluded from the trial due to one prospective study in adults with diabetes mellitus found vinegar improved insulin sensitivity [27] . HgbA1c was measured in the event some of the participants had undiagnosed diabetes mellitus. Other exclusion criteria included current tobacco use, alcohol consumption greater than 2 drinks per day, use of niacin pharmaceutical products, and initiation or an increase in fibrates, ezetimibe, or statin therapy within 6 weeks randomization.
Participants were randomized equally to the treatment and control conditions. The control group supplemented their usual intake with 1.7% balsamic vinegar solution diluted in water and the treatment group with 100% apple cider vinegar (Bragg Apple Cider Vinegar with the mother, acetic bacteria, Live Food Products, Santa Barbara, CA). Both treatment and control solutions were prepared for the study duration in 500 mL brown glass bottles and color-coded to maintain a double-blind study. Neither the participants nor the researchers were aware of group assignment. The solution for Control Group was pre-tested to give a similar taste and odor as the experimental solution. Randomization was performed by a blinded coordinator who removed labels from an envelope, which created a list for the research coordinator to assign participants to either red or green labeled bottles. Study participants were instructed to take 30 mL (approximately 2 Tablespoons) per day of solution. The solution could be diluted with 16 ounces or less of juice or water, but not mixed with salads or other food to avoid incomplete intake. Due to a possible change in chemical composition, the solutions could not be boiled or placed in a hot solution (such as hot tea or apple cider) prior to drinking. Lipid analysis and HS-CRP were measured on ADVIA 1650 Chemistry System (Siemens Healthcare Diagnostics, Deerfield, IL). Hgb-A1c was measured on Variant Program (Bio-Rad Laboratories, Hercules, CA). Participants recorded their intake of daily solution and documented concerns or side effects in daily diaries. Alcohol intake data was collected and recorded daily over the 8-week intervention. Study subjects were issued pedometers and recorded their total number of steps per day. Samples were collected for HDL-C, TC, LDL-C, HgbA1c and HS-CRP following an overnight fast at baseline, two months and four months. Following the two-month visit, participants were instructed to discontinue their solutions and diaries, diaries and bottles were collected and participants were instructed to return for a final study visit for the four-month measurements.
Sample Size
Sample and effect sizes were based on the results of completing a small, prospective, non-randomized, pilot study evaluating the effect of escalating doses of apple cider vinegar on lipids. The pilot study found a 17% increase in the HDL-C after 8 weeks of two tablespoons daily of vinegar, similar to the impact of alcohol. Since the nonrandomized pilot study did not include a control group, we took a conservative approach in estimating effect size by considering the group receiving the lowest dosage of apple cider vinegar (1 tsp./day) in the small prospective pilot as our control group in the current study. Since the average change from baseline to two months for those patients taking 1 teaspoons of apple cider vinegar per day was 4 mg/dl, and the average change in the group taking 2 tablespoons of apple cider vinegar per day lyses. was 7.8 mg/dl, we hypothesized that the mean change of HDL-C was greater than 3.8 mg/dl when taking two tablespoons of apple cider vinegar per day. A sample size of 114 participants was computed for detecting a difference of 3.8 mg/dL with 80% power. This sample size included extra participants to account for a potential 15% drop out rate due to taste or other unknown factors.
Statistical analyses were performed using SAS software (Statistical Analysis System, version 9.2: SAS Institute Inc., Cary, NC). Institutional Review Board approval was granted for this study. All patients signed informed consent prior to study participation.
RESULTS

Statistical Analysis
One hundred and fourteen subjects were enrolled in the study, seventeen patients (15%) dropped out, with taste intolerance accounting for seven (6%) (Figure 1) .
The mean change from baseline to two months, and baseline to four months for HDL-C, TC, LDL-C, Hb-A1c and HS-CRP were evaluated using paired t-tests within treatment group and independent t-tests between treatment groups. The effect of apple cider vinegar versus placebo on HDL-C, TC, LDL-C, triglycerides, Hgb-A1c and HS-CRP was also estimated using analysis of covariance (ANCOVA) while controlling for baseline HDL-C, age, sex, and body-mass index (BMI). Results for the primary endpoint, change in HDL-C, were considered statistically significant at the 0.05 level. Results for the secondary endpoints were considered statistically significant at the Bonferroni corrected significance level of 0.01. Baseline values between the control and experimental group were compared using independent t-tests for continuous variables and chi-square tests for dichotomous data.
Baseline characteristics for the control and treatment groups are described in Table 1 Exploratory and subgroup analyses were conducted for different age groups, baseline HDL-C levels, alcohol use, daily step totals, and medication use. Results from these analyses were in agreement with the primary ana- The majority of participants were female (65%) and Caucasian (87%). The mean age was 56.7 years and the mean BMI was 28.4 kg/m 2 . Approximately one third of participants were using statins (36%) and/or fish oil (39%). The control group had more participants on fibrates at baseline and throughout the study compared to the treatment (vinegar) group (p = 0.05). No differences were found in baseline lipids, Hgb-A1c, or HS-CRP. Dropout bias was not present when evaluating treatment group, age, gender, and baseline HDL-C using logistic regression. Adherence to the study solution was 96% for the cider vinegar group and 98% for the control group.
No significant differences were found in HDL-C levels between baseline and 8 weeks and baseline and 16 weeks in the vinegar group (Figure 2) .
There was no significant difference in cholesterol levels from baseline to 8 weeks in the vinegar or placebo arm ( Table 2) . Noted a trend towards lower Hgb A1C was seen in the vinegar arm when comparing baseline to 8 weeks. The mean differences between the apple cider vinegar and control groups for change from baseline to week 8 for total cholesterol, LDL, HDL, triglycerides, Hgb-A1c and HS-CRP.
On further analysis, a marginally significant change in HDL-C was observed from the week 8 to week 16 visit between the treatment and control group after an 8 week wash-out period (mean difference −2.50 mg/dL, 95% CI [−4.70, −0.30], p = 0.03). This difference in HDL-C was due to an increase of 1.50 mg/dl (95% CI [−0.13, 3.15]) for the control group and a decrease of 0.98 mg/dl (95% CI [−2.51, 0.55]) in the treatment group from week 8 to week 16. Yet, there was no significant change in HDL-C between the two groups from baseline to week 8 or week 16. HS-CRP was not impacted by vinegar, but a significant decline in HS-CRP in the control arm at 8 weeks was primarily responsible for the significant difference between the vinegar arm and the control arm at 8 weeks.
Although no exclusion was placed on the baseline HDL-C level, a subgroup analysis focusing on those with baseline HDL-C levels of less than 50 mg/dL (n = 48) did not provide evidence of a treatment effect from baseline to two months due to vinegar versus control (mean difference: 1.33 mg/dl, 95% CI [−2.06, 2.62]).
ANCOVA showed no statistically significant effect on HDL-C between treatment groups from baseline to two months for age (p = 0.14), sex (p = 0.20), body mass index (p = 0.60), or fibrate usage (p = 0.90). In addition, no statistically significant effect on HDL-C was found for the treatment when controlling for age, sex, body mass index, and fibrate usage (p = 0.13). Regression analyses for all secondary endpoints yielded non-significant results for treatment when controlling for age, sex, and BMI.
DISCUSSION
Complementary and alternative medicines are used by over two thirds of Americans [24] and may provide an option for treatment if validated by randomized controlled clinical trials. [25, 26] Vinegar as a byproduct of alcohol, would appear an alternative to alcohol for raising HDL-C. Vinegar has been used for a variety of aliments for centuries. Dr. James Lind in 1746 compared vinegar, dilute sulfuric acid, cider, sea water, a physician's remedy of nutmeg, garlic and horseradish mixture versus a diet of oranges and lemons to prevent scurvy [28] . Recent data in animals suggest vinegar improves lipids, and our small non randomized trial implied improvement in HDL-C [21] [22] [23] . Unfortunately, our larger randomized trial results did not indicate that apple cider vinegar impacted HDL-C compared to control. Subgroup and other exploratory analyses were carried out by sex, age, medication, alcohol use, and steps data, but no significant change in HDL-C was observed. In addition, no evidence of vinegar impacting secondary endpoints including LDL-C, triglycerides, total cholesterol, and HS-CRP compared to a control group.
Persons with diabetes mellitus were intentionally excluded due to possible improvement in insulin resistance based on a single center prospective clinical study [27] . However, although not significant, there was an observed trend down in Hgb-A1c in persons without diabetes mellitus with vinegar treatment.
Limitations of the study included a drop out rate of 15%, although this was expected based on a pilot study and the sample size was adjusted accordingly. Second, no exclusion was placed on the baseline HDL-C level, implying that vinegar may raise HDL-C only in those with low levels. Although a subgroup analysis focusing on those with baseline HDL-C levels of less than 50 mg/dL, did not provide evidence for a treatment effect from baseline to two months due to vinegar versus control. Third, the sample size is relatively small and does not account for different races or sex to exclude the possibility of an impact of apple cider vinegar on lipids.
In conclusion, after performing a randomized double blind study, we did not find evidence to support the use of vinegar for management of low HDL-C, elevated triglycerides or LDL-C. In addition, we found no improvement in HS-CRP and a trend down on Hbg-A1C with vinegar. Since vinegar may impact lipids indirectly in those with diabetes mellitus by improving glucose control [27] , future studies focusing on this rising population should be considered.
